Background and Purpose: The purpose of the present analysis was to determine how lifestyle influences the risk of cerebrovascular disease in women participating in the Copenhagen City Heart Study.
T he purpose of the present study was to analyze lifestyle factors in women and evaluate their independent, causal effect on cerebrovascular disease, defined as stroke or transient ischemic attack (TIA). In the past decade, several studies analyzing risk factors for stroke using multivariate analysis have been published. However, few of them clarify how these risk factors act specifically in women. Besides the lifestyle factors common to both sexes, we have also analyzed the use of oral contraceptives and hormone replacement therapy (HRT) and evaluated their influence on the risk of cerebrovascular disease. As a basis for the analysis, we have established a hierarchical model of risk factors indicating the way they influence each other. This model gives a clue as to which factors should be included simultaneously in the Cox regression model to evaluate the independent, causal effect of a given factor in a population.
Subjects and Methods
The analysis was based on an age-stratified random sample of a Danish urban population, the study outcome being first stroke or TIA cases during 12 years of follow-up. This work is part of a larger prospective study known as the Copenhagen City Heart Study (CCHS) and primarily designed as a cardiovascular survey. The study population and sampling procedure have been described previously. [1] [2] [3] Briefly, the study population was chosen randomly but after age stratification from an area of Copenhagen served by Rigshospitalet, with approximately 90 000 inhabitants aged 20 years or more. Of 10 317 women invited by letter to an initial examination on a specific date between March 1, 1976 , and March 31, 1978, 7712 attended. The eligibility criteria for the present analysis were no previous stroke or TIA, sufficient information about the lifestyle factors recorded, and age 35 years or more at the initial examination, as no events occurred below this age. The criteria were met by 7060 women. The study population was then invited to the second cardiovascular examination between April 6, 1981, and September 7, 1983 (it took about 2 years each time to examine all the responders). The procedure and the complete questionnaire used have been described. 2 The outcome of the study was first stroke and TIA cases. The information about new cases until the end of 1988 was then obtained and analyzed. The methods of case ascertainment are detailed elsewhere.4 Briefly, the first-in-life stroke and TIA cases were identified through (1) the two cardiovascular examinations, at which the history was taken, supplemented by a thorough neurological assessment, (2) consumption of alcohol, daily or nearly daily consumption of sleeping pills or tranquilizers, physical activity at leisure time, current use of oral contraceptives, current use of HRT, and body mass index (BMI) (kilograms per square meter). The criterion of physical activity used was more than 2 hours of intense activity or 4 hours of lighter activity per week; any lesser activity was classified as physical inactivity. All the variables except BMI were recorded from the questionnaire. Among these variables, we assume that there is no one-way influence of one variable on another, and therefore they were included simultaneously in the Cox model.
Results
Altogether, 268 initial cerebrovascular events were recorded in responders to the first examination during 12 years of follow-up; 265 of the events were in the 7060 eligible responders. Among the 265 initial cerebrovascular events were 76 cerebral infarctions, 11 intracerebral hemorrhages, 128 nonspecified strokes, 48 TIAs, and 2 retinal embolisms. In 2605 nonresponders, 123 cases were recorded: 31 cerebral infarctions, 12 intracerebral hemorrhages, 70 nonspecified strokes, and 10 TIAs.
The confounders for the lifestyle factors were age, length of school education, and household income. Table 1 shows the relative risk (RR) estimates and 95% confidence intervals (CI) for these factors resulting from the Cox regression before the lifestyle analysis and from the final model containing both the confounders and lifestyle factors.
The distribution of lifestyle factors among the 7060 women is depicted in Table 2 . The RR estimates and corresponding 95% CI values are depicted in Table 3 . Current cigarette smoking was a significant risk factor for cerebrovascular disease, the risk of smokers being 1.4 
Discussion
The accuracy of the data assessed by the questionnaire at one examination might be discussed. On the other hand, large quality-control measures were undertaken.3 From a statistical point of view, the fact of finding significant associations between some of the factors (smoking, physical inactivity) and the risk of cerebrovascular disease suggests that the level of accuracy must have been adequate. Otherwise, a large standard error would result from many inaccurate data and no significant association would be likely to appear.
The effect of smoking on stroke risk is well documented in both women and men in other prospective studies.6 The Framingham study, for example, found a significant RR of 1.6 in female smokers using the Cox proportional hazards model and adjusting for several other risk factors. 7 The risk of stroke increased with the number of cigarettes.7 8 Our analysis could not find an association between the number of cigarettes and the risk of cerebrovascular disease in women, although we found such an association for men and for the whole population (unpublished data), in which stroke risk grows by 1% with each cigarette. The importance of smoking for stroke risk has been confirmed in a recent Finnish study9 in which the decline in smoking was associated with a decline in stroke incidence. The proportion of female smokers in the CCHS is striking: more than 57%, probably one of the highest in the world.10 This could partly explain why the stroke incidence in Copenhagen, also in women, is so relatively high and has shown no declining trend. 4 The effect of physical activity on stroke risk is much less documented. In a Finnish study," low physical activity at work was associated with increased risk of stroke in women, whereas low physical activity at leisure time had no such effect. We have chosen to study physical activity at leisure time to analyze this variable in all women (ie, working and nonworking). Selecting only working women would reduce the number of cases and make the results less representative of the study population. Nearly 80% of women in our study had little or no physical activity at leisure time, contributing to the "unhealthy" lifestyle pattern in this population.
Only 12.5% of all women were daily drinkers. A prospective study of female nurses in the United States12 showed that among middle-aged women moderate alcohol consumption decreased the risk of ischemic stroke. In another study, light to moderate consumption of alcohol was inversely associated with extracranial carotid arteriosclerosis in 261 symptomatic patients with cerebrovascular disease, 92 of whom were women.13 In our study, where the outcome was all initial strokes and TIAs, daily alcohol consumption in women was associated with an RR of 0.74, but this was not significant (P<.15). Data are missing on how alcohol affects intracerebral hematoma in women, whereas in men even light drinking significantly increased the risk of hemorrhagic stroke.14 In our study, BMI did not show a significant independent effect on the risk of cerebrovascular disease in women, although such an effect was observed for both sexes combined. The effect of daily consumption of sleeping pills or tranquilizers has not previously been discussed, and we have no clear explanation of its effect on the risk of cerebrovascular disease in our study. It is possible that certain side effects of tranquilizers could in some cases be misinterpreted as TIA. Another explanation could be that long-term use of tranquilizers can contribute to the pathophysiology of cerebrovascular disease.
In a cohort of more than 16 000 women followed for an average of 6.5 years, use of HRT proved not to be a significant factor for stroke according to univariate analysis.20 The Framingham study is the only large prospective study showing an elevated risk of cerebrovascular disease (initial stroke or TIA) among HRT users.2' In the logistic model, the RR associated with HRT was 2.27 (P<.01) after adjustment for other risk factors. It is interesting to notice that both blood lipid and BMI measures were more favorable in HRT users at baseline.
However, when the interaction between smoking and HRT was examined in a similar logistic regression model, the effect of HRT on stroke was only significant in nonsmokers. Our results show that HRT had a protective effect on cerebrovascular disease among smokers. In fact, the following conclusions can be drawn from 
